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Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 
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„ f tho fl7a iide 9-deoxo-9a-aza-9a-methyi-9a-homoerythromycin A, 
[0001] Azithromycin is the USAN gener.c name of the azahde 9 

bohexopyranosyi)-ox y )-2.ethy»-3AlO excellent anti microbial activity 

no)-beta-D-xylo-hexopyranosyl)oxy). It is a semisynthet cjjjja sides, Anffmfcrofc Agents. Cnem- 

against grampositive and some cases of B^^^SS^ its application to the treatment of opportunistic 
otne, 1989, 33, 141Mf^3; Mayo Cfe fto* 1999, 74(6), 613-34; 

infections (F. Lecomte, Rev. Med. Interne 1998, ?y(4;, zoa 
j. Schater, Lancet, 1999, 354(9179), 630-35). 

2 Description of the Prior Art. 

IM021 

Figure 1 are gathered in the following table. 
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1 Azithromycin ^ r 

3 6,9-iminoether 

4 / .9,il-imihpethe£ , " <i 

5 Azaerythromycin A ^ ^ 
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thetic paths (A, B, C. D, E) towards azithromycin 1. 

V " . ' US 4 328334 I- Chem. Spc, Perion Trans 



• : - IChernvies., 1-988,132 
•': Idem mimprint, 1988,1239. /rfhftKTr-* 

45 "c • US 5,686,587 B.V.Yang PFIZER 



• EP 0,699,207 
ES2,104,386 



TT<i ^ 869 629 jprg.Chem, .199.7, 62, (21), .... ^ -. , 

^.^d*.:^'.-^--^'' '•••*- ^ ^ ' -.W-Heggie HOVIONE 

E . EP 0,879,823 JDjag0 BIOCHEMIE 

F . WO 99/58541 

forms- hygroscopic monohydrate and non-hygroscopic JJJ™ 
Ens used in therapeutical treatments, as it is descnbed ,n EP 0,298,650. 
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., ,4vn™,,ich n hiP from hygroscopic azithromycin by means of the following 
[0004] Azithromycin dihydrate is easily distinguishable from nygro* H 

differentiative assays: 

a) T h e derate for. Keeps its percenti.e water content constant at values (4.5-5%) which are very Cose to the 
theoretical value (4.6%). nf a7i thromvcin dihydrate reveals the presence of a single endotherm 

b) Thediffe re ntia. calorime J.^^^^SLd during the process which ranges from 27 to 
which may vary between 115 and 135 C, witn an eneryy 
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"SS crystal form presents its own characteristic ^^S^ 
d) The infrared spectra in KBr of both crystalline forms present clear d.fferences. 



c) 



azithromycin dihydrate 


azithromycin 
monohydrate 


v (cm m1 ) 


v (cm' 1 ) 


3560 and 3496 (2 sharp bands) 


3500 (wide band) 


1344 


Does not present any 


1282 and 1268 (2 sharp bands) 


1280 


1083 


Does not present any 



T,oo te ,»n»,.si,»«o,^ 
mentioned, have also been described. In these 
25 However, in these documents there is no reference to the crystalline state 
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Patent * 

• " WO 94/26758 

a) US 5,686,587 

b) EP 0,699,207 

c) ES 2,104,386 
^•;:*BE8W357^' 



Applicant . 
... (Author) 
PFIZER 
(B.V. Yang) 



PUVA I 

• (S.;pjolcic). 



Priority'/ 
"May 19,1993 



' y . . procedure. • v-vi •* 

.X7..V. . u& t s * 

Methylene chloride evaporation 



Chiorofpnti evaporation % 



[0006] In the following table are summarized the 
40 azithromycin 1. 



Maf:Vi981 'X; 

different procedures for the preparation of both crystalline forms of 
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Crystalline "form !; patent; 



HYGROSCOPIC • 
MONOHYDRATE • 

HYGROSCOPIC 
\ MONOHYDRATE .! 

NON- 
HYGROSCOPIC • 

DIHYDRATE • 

?—7r: -_-][ 



^"•Appljcant 

i' (Author)— 

EP 0,101(186 PFIZER 
US 4,474,768 (GM. Bright) 
E> 0.298,650 TPFIZER 
i.:(D. Allen) 

EP 0,298,650 ppizER 
WO 89/00576 ^ Men) 
ES 2,038,756 V 



I 1 



NON- 
HYGROSCOPIC 
DIHYDRATE 



• CN 1,093,370 /Timing 
(Chem. Abs. 29525' Zhuanli.... 
q, 124,1996) (Q. Song) 



NON- 
HYGROSCOPIC • 

DIHYDRATE 

NON-" : > 
-HYGROSCOPIC 
DI HYDRAJE__ j \ ^ 

NON- 
HYGROSCOPIC • 
DIHYDRATE 



CHEMO- 
EC 95-1389 TECN1CA 
SINTYAL 

ES2,122;905 VPHARMA 

^ HOVIONE 
EP 0,941,999 (W ,Heggie) 



CrxstaHinef^nL ][ Article, 



Author 



40 



NON- 
HYGROSCOPIC • 
DIHYDRATE 



NON- 
HYGROSCOPIC 

I DIHYDRATE . 
HYGROSCOPIC 
MONOHYDRATE 



Priority ji^^^^^L,../ -ii 
~Julyl9, 1982 Recrystallization from 

ethanol/water 
"July 9, 1997 'Recrystallization from 
|. ethanol/water 

Recrystallization from 
July 9, 1 997 THF / petroleum ether/ 
water 



J, Chem. Res., 

1988 > 132 S.piokic 
idem (PLIVA) 
minipnnt, 

1988, 1239, 

J. Org. Chem, M.Bayod 
1997, 62,(21), . (ASTUR- 
7479 -.7481.. _1?HA?^A)- 
^j'orgrChem, M.Bayod 
1997,62,(21), (ASTUR 
7479-7481 PHARMA) 



~* * Ttt . Recrystallization^ from] 
'""'.V'f acetone/water " ' •• 
• ' * . J • Recrystallization from * 
Dec. 10, 1993 other solvents 
(methanol, DMF, 
acetonitrile, dioxane, 

...)and>yater 

Recrystallization from 
May, 1995 acetone/ water 



"If ; '''TTiljRecrystailization 
; : Jiily 11^.1??^ jjicetone/ water ' 



from | 



Mar. 13, 1998 



Date ; 



May, 1988 
(received 
June 4, 1987) 

Nov., 1997 
(received 

Nov., 1997 
(received 
May 1, 1997> 



Precipitation from a base 
neutralized acid solution of 
azithromycin in 

acetone/ water 

[ ~' 'I. ^ Procedur e i 

Two recrystallizations: 

1. Precipitation from a 
base neutralized acid 
solution of azithromycin in 
acetone/ water. 

2. From ethyl ether. 
Recrystallization from : 

.acetone/ water \ 
\\ I 



Recrystallization from 
ethanol/water 



45 



50 



non-halogenated solvent w.th the exceptor, IBzaUoh 0 r precipitation occurs, or by extraction 

referred patent has not been included in any of the previous tables. 
DESCRIPTION OF THE INVENTION. 
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[0008] 
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S Infrared Spectroscopy 

✓ Differential Scan Calorimetry (DSC) 
/- X-Ray Diffraction 

S Hygroscopicity 

✓ Crystallinity test by means of polarized light microscopy 

techniques previously mentioned, are shown below: 

„„ » ft IR Nicolet ® Impact 410 Instrument, of both azithromycin forms are 
1. infrared Spectra (KBr), recorded on a FT *Ntt«» ebandsare summarized In the following table: 
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Crystalline azithromycin dihydrate 


Non-crystalline azithromycin 


v (cm- 1 ) 


v (cnr 1 ) 


"3561 and 3496 (2 sharp bands) 


3500 (wide band) 


1344 


Does not present any 


1282 1269 and 1251 (3 sharp bands) 


1280 and 1257 (2 sharp bands) 


1083 


| Does not present any 



particles do not show birefringence. 
EXPERIMENTAL PART 
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Preparation of 9 .eo X o,^ 

89 g of a**""-""^^ in the specified interval 16 portions 

anol and cooled down between -5= and -1 0 C. mAe keeping the temp ^ ^ ^ 

of 2.2 g each of sodium borohydnde are added. Temperature i and sbrnng eva porated to 

tional hours and the bulk of the reaction ,s al '^ to jeach 2 0 a A ^f2a t erandshakedfor30min.The 

v = 3500 2980, 2960, 1730, 1470, 1390, 1170, 1090. 1060 cm* 

(c„, ™ («. « *»* . 

n?£L»- 200 HZ * 0.28 ,p— : «W «■* 7 * 
25:10) developer: ethanol/vanillin (sulphuric acid) 



IR (KBr) 

1H-NMR (CDCl 3 ) (partial) 
13C-NMR (CDCI3) (partial) 

HB-NMR(CDCI 3 ) TLC 
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ml of ettlorofotm. and subsequently a toddle, of 5.5 ml offormic «*» d" .» 1 coo , sidovv „,o15-20-C. 
is added. The re,otid„ mMara is heated " ^M.-S id. The mixta™ is .fatten 

500 ml of water er, added and the ^2.1^^ Is a»oted with 2*100 ml meltt- 



IR (KBr) 

1H-NMR(CDCI 3 ) (partial) 
13Q-NMR (CDCI 3 ) (partial) 

"B-NMR(CDCI 3 ) 
m/e 
TLC 



: 3500, 1730, 1470, 1390, 1090, 1070 cm* 1 



5™2 oo (NMe 9 ), 2.30 (NMe), 3.37 (OMe) ppm 
6 = 179 9 (C=0), 79.40 77.09 (C 12 ), 68.84 (C 9 ), 64.08 (C 10 ), 49.36 (OMe), 
40.18 (NMe 2 ), 34.39 (NMe) ppm 
5= 10.1 ppmco % = 180 Hz 

rf= + 0 7 38 5 (petroi e u m ether : ethyl acetate: diethylamine 75:25:10) developer: ethano./ 
vanillin (sulphuric acid) 



■m 1? Hp« 0 xv.9a-methyl-9a-homo-erythromycin A 11,12-hydrogenorthobo- 

22 g of 9-deoxo-9a-aza-11 J2.desoxy-9a-met^ 9 acid js added t0 

solved in 250 mi of acetonitrile to which 125 ml f^^^^M^ I i«d into a mixture of 
the mixture to take it to P H=2, and stirring .s maintained fo 30 ™- ™ H= £ The mixture is shaken 

350 ml of methylene chloride and 350 ml of water, extracted with 2x100 ml of 

for 1 5 min and the lower organic phase « sep ^ S^evaporated to dryness. The residue 
methylene chloride. The combined organ.c phases are is all0 wed for 2 h, and the 

is dissolved in 50 ml of ethano. and 60 ml of wat * " 
solid is collected by filtration and vacuum-dned at40°C to yield 15 g of 9 deoxo 
romycin A (Azithromycin monohydrate). 



IR (KBr) 

1H-NMR(CDCI 3 ) (partial) 
13C-NMR (CDCI 3 ) 5 = (partial) 

m/e 

HPLC 

TLC 



v max = 3500, 3000, 2970, 1740, 1470, 1380, 1280, 1060 crrfl 
5 = 3 2 31 (NMe?), 2.34 (NMe), 3.38 (OMe) ppm 

178^ (C=O),t08 (C 12 ). 72.32 ( Cl1 ). 69.88 (C 9 ), 62.43 (C 10 ). 49.37 (OMe), 
40.23 (NMe 2 ), 35.92 (NMe) ppm 
M + = 749.5 

rnrresDonds according to USP XXI II 

^0 62 (petroleum ether : ethyl acetate : diethylamine 75:25:10) developer: 
ethanol/vanillin (sulphuric acid) 



Pw .„ to df d.n*n»t.lll». ^°*'™?^™^T1ZZ C ^9 a. 30-C. This sdlatioo 

obtained is dried (80 mm Hg M0 -C) to yield 5 g of non-crystall,ne az.thromycn. 

IR (KBr) Vmax = 3500, 1740, 1470, 1280, 1257 cm" 1 (See Fig. 2) 

1H-NMR (CDC.3). -C-NMR (CDC 3 ). m/e. TLC and HPLC are iden«ca. to those of the previous example 
% H 2 0 (K.F.)= 3.0 % 
DSC = See Fig. 3 
X-Ray Diffraction = See Fig. 4 
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urns 

< ,u »«™ nf q Hpnvo Q a -aza-9a-methyl-9a-homoerythromycin A (Azithromycin) in its non-crys- 



Claims 
1. 

alcohols or cyclic ethers. 

2. A process of claim 1 wherein the solvent used for lyophilization is tert-butanol. 

3. A process of claim 1 wherein the solvent used for lyophilization is 1 ,4-dioxane. 

4. Aprocessforthepreparationof^^ 
talline form characterized by: 

■ ^ «« 11 19 Hpc;oxv-9a.methyl-9a-homo-erythromycin A 11 ,12-hydrogenorthobo- 

4, to yield azitromycin monohydrate, and ... . 

✓ Lyophilization of the solution of azithromycin monohydrate in tert-butanol. 



Patentanspruche 

1. Ve rf ahren Z urSynthesevon9-Desoxo-9a-aza-^ 
n,Cht ^S r g F ernnzeichnet, dass eine LSsung des krista.linen Azithromycin • Monohydrats in aliphatischen 
Alkoholen oder cyclischen Ethem gefriergetrocknet (lyophilis.ert) wird. 

2. Verfahren nach Anspruch 1 , bei dem das fOr die Gefriertrocknung verwendete Losungsmittel in Form von tert- 
Butanol voriiegt. 

3. Verfahren nach Anspruch 1. bei dem das (Or die Gefriertrocknung verwendete Losungsmittel in Form von tert- 
Butanol voriiegt. 

4. VerfahrenzurSynthesevon9-Desoxo-9.^ 

35 nichtkristalliner Form, 

dadurch gekennzeichnet, dass 

pH-Bereich zwischen 2 und 4 zur Gewinnung von Az.thromycn-Monohydrahydrolys.ert w,rd, 
✓ die Losung des AzithromycinMonohydrats in fert-Butanol lyoph.lis.ert w,rd. 



45 Revendications 

dans des alcools aliphatiques ou des ethers cycliques. 
50 2. Precede selon la revendication 1 , dans lequel ie solvent utilise pour la lyophilisaUon est le tert-butanol. 

3. Precede selon la revendication 1 . dans lequel le solvent utilise pour la lyophi.isation est le 1 ,4-dioxane. 
55 4. Precede pour la preparation de la 9.desoxo-9a-aza-9a-methy,-9a-homoerythromycine A (azithromycin^ sous sa 
forme non-cristallisee, caracterise par 

S Phydro.yse du 11.12-hydrogenoorthoborate de 9-desoxo-9a-aza-11.12-desoxy-9a-methyl-9a-homoe- 
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Fi gure 1 : Syn thesis of Azithromycin 

! NMe 2 
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FtQure 2 

Non crystalline Azithromycin 




CrystaDine Azithromycin dihydrate 
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Figure 3 

Thermogram of non crystalline Azithromycin 




Thennogram of crystalline Azithromycin dihydrate 




ICO 



300 
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Figure 4 



Nod crystalline Azithromycin 



Crystalline Azithromycin dihydrate 
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